In this paper, we investigate the combination of linear group precoding with a transmit antenna group selection (TA-GS) algorithm based on the channel capacity analysis for Massive MIMO systems. Simultaneously, we propose a low complexity linear precoding algorithm that works on the selected antennas. The proposed precoder is developed based on the conventional linear precoders in combination with the element-base lattice reduction shortest longest vector technique having low complexity. Numerical and simulation results show that the system performance significantly improves when the transmit selection technique is applied. Besides, the proposed precoder has remarkably lower computational complexity than its LC-RBD-LR-ZF counterpart. The bit error rate (BER) performance of the proposed precoder can approach that of the LC-RBD-LR-ZF precoder as the number of groups increases, yet at the cost of higher detection complexity.
Introduction
Multiuser Multiple-Input Multiple-Output (MU-MIMO) technique has widely been studied for many years and is becoming a mature technology [1] , [2] . In reality, the number of antennas at each BS in the MU-MIMO systems is usually small [3] . Therefore, the spectrum efficiency and system capacity are still relatively modest. This is one of the limitations of the MU-MIMO systems.
In order to cope with these issues, Massive MIMO systems have recently been proposed in [1] , [4] , [5] , [6] . In the Massive MIMO systems, a Base Station (BS) uses large antenna arrays to serve several tens of users (or more) in the same time-frequency resources. The Massive MIMO systems can significantly improve the channel capacity, enhance the spectrum utilization efficiency and the system quality [5] . Basically, a Massive MIMO system can work in Time Division Duplex (TDD) or Frequency Division Duplex (FDD) mode. However, the TDD-based Massive MIMO systems is preferable to the FDD-based Massive MIMO systems they relax the limitation of the number of antennas at the BSs [1] . It is expected that Massive MIMO will be a potential technique for the next generation mobile networks (e.g., 5G network) [1] , [5] , [7] .
In Massive MIMO systems, the complex signal processing is performed at the BS side. Therefore, the precoding algorithms with low-complexity, such as Zero Forcing (ZF), Minimum Mean Square Error (MMSE) and Maximum Ratio Transmission (MRT), are considered as suitable solutions for the downlink in the Massive MIMO system [8] , [9] , [10] . In [11] , the authors proposed the precoding algorithms according to group based on QR decomposition of the channel matrix and the Pseudo Inverse Block Diagonalization (PINV-BD) for Massive MIMO systems. In this proposal, the lattice reduction (LR) technique and Tomlinson-Halashima precoder (THP) algorithm are applied to each group to improve the system performance. In [12] , Zu Diagonalization algorithm combining with the Lenstra Lenstra-Lovász (LLL) lattice reduction technique to improve the quality of MU-MIMO systems. In the Zu's approach, the first precoding matrix is designed based on the QR decomposition while the second on is created by combining the linear precoding algorithms and the LLL method. Simulation results showed that the precoding algorithm significantly improves the system performance. However, the number of QR operations and the size of two precoding matrices in this proposal increase proportionally with the number of transmit antennas and the number of users. Therefore, the complexity of the algorithm is very large when it is applied to Massive MIMO systems.
Among various techniques, the transmit antenna selection is an important technique to enhance the system performance and energy efficiency. In addition, it reduces the number of radio frequency (RF) chains at the BS, and hence reducing the system cost and power consumption. In [13] , the authors proposed the transmit antenna selection algorithm according to group based on the channel capacity analysis for Massive MIMO systems. Antenna groups that contribute the most to the total channel capacity will be selected. The channel capacity is calculated based on the singular value decomposition (SVD) operations of channel matrix. However, the complexity of this proposal is relatively high due to the SVD operations of channel matrix. In [10] and [14] , the authors proposed the transmit antenna selection algorithm based on the channel capacity analysis for MIMO and Massive MIMO systems, respectively. In [15] , the authors proposed the transmit antenna selection algorithm based on the norm analysis and the correlation between columns of the channel matrix to maximize energy efficiency for Massive MIMO system. In [16] , based on the principal components analysis technique, the authors proposed the transmit antenna selection algorithm to remove antennas that contribute least to the total channel capacity for Massive MIMO system. The proposed algorithms in [10] , [13] , [14] , [15] and [16] significantly improve the energy efficiency and performance of the system. However, these algorithms are performed by scanning the antennas in a one-by-one basis. Therefore, the selection complexity becomes very large as the number of antennas at the BS increases.
In this paper, we propose a transmit antenna selection aided linear group precoder for Massive MIMO systems. In the proposed method, a transmit antenna group selection algorithm based on the channel capacity analysis is implemented. To be specific, the channel matrix from the BS to all users is divided into G groups, each of which consists of a number of the channel matrix's columns. The antenna groups that contribute the most to the total channel capacity will be used for signal transmission. Before being transmit to the user side via the selected antennas, the signal is precoded by a low complexity linear precoder, which is developed based on the conventional linear precoders in combination with the element-base lattice reduction shortest longest vector (ELR-SLV) technique. To balance between the complexity and the system performance, the proposed precoder is designed to have two components: the first one minimizes the interference among neighboring user groups; the second improves the system performance by utilizing the ELR-SLV technique. Numerical and simulation results show that the system performance significantly improves when using the transmit selection technique. Moreover, by increasing the number of groups, the proposed precoder is capable of approach the BER performance of its LC-RBD-LR-ZF counterpart at remarkably lower computational complexities. However, it should be noted that increasing the number of groups will lead to higher precoding complexities.
The rest of this paper is organized as follows. In Section II, we present the Massive MIMO system model. The transmit antenna group selection algorithm is presented in Section III. In Section IV, we develop the linear group precoding algorithm combination with ELR-SLV technique. Simulation results are shown in Section V. Finally, conclusions are drawn in Section VI.
Notation: The notations are defined as follows: Matrices and vectors are represented by symbols in bold; (.) T and (.) H denote the transpose and conjugate transpose respectively. We reserve | | α for the absolute value of scalar α and det(B) for the determinant of B. α     is to round down the real and imaginary parts of the complex number to the nearest integer, respectively. In addition, the Channel State Information (CSI) is assumed to be perfectly known by the BS. Among M antennas, T N antennas is selected at a time for signal transmission, where R
The downlink channel model in Massive MIMO systems
be the overall received signal vector for all users. Therefore, the relationship between the transmitted signal vector
� and the received signal vector y is represented by
is channel matrix from selected antennas at the BS to all K users, whose entries are assumed to be independent and identically distributed (i.i.d) random variables with zero mean and unit variance;
precoding matrix for all users; and
is noise vector at the all users, whose entries are assumed to be i.i.d random variables with zero mean and variance 2 σ .
Transmit antenna groups selection (TA-GS) algorithm in Massive MIMO system
To balance the complexity and performance of the system, in this section, we propose the transmit antenna group selection algorithm based on the capacity analysis. The channel matrix from BS to all users is
where δ is a positive integer greater than 1. The channel matrix from BS to all users is expressed as
The first group, 1 H includes δ first columns of the channel matrix; the second group 2 H includes the (δ + 1)th to the 2δth columns; and the last group, The first antenna group among G antenna groups, that has the largest channel capacity is selected by the following expression
herein, g H is the gth group of M H , g is the index of the groups and ρ is the average signal-to-noise ratio (SNR) at the receiver side.
After the first antenna group is selected, we combine each of the remaining G -1 antenna groups with 1 g to
group is selected such that the channel capacity provided by 1 g and itself is maximized. It is expressed as follows
The proposed algorithm TA-GS is summarized in Algorithm 1. 
Proposed low-complexity lattice reduction-aided linear group precoding (LR-LGP).

Algorithm Analysis
In this Section, a linear group precoding algorithm based on the linear precoding algorithms combination with the ELR-SLV technique, called LR-LGP, is proposed. The precoding matrix for all user groups is given by
In the first step, the channel matrix H is divided In the next step, the second precoding matrix
in (5) is created by combining the linear precoding algorithm and the lattice reduction technique to improve the quality of the system.
First, the effective channel matrix for the lth user group is generated as follows , l GP l l a = H H W (11) which is then used to generate the extended matrix
where α I is a unit matrix size α α × .
Next, the channel matrix ( )
is converted to the matrix ˆl H in the LR domain by using the ELR-SLV algorithm in [17] to give ˆT ext l l l = H U H (13) where l U is a unimodular matrix with integer elements (det | | 1) l = U . After that, the precoding matrix
where [ ]
Finally, the precoding matrix b W is constructed using
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The normalized power factor is defined as
The proposed algorithm LR-LGP is summarized in Algorithm 2. 
This means that for a given noise power, the component 1/ b will be the factor that determines the system performance. In Fig. 2 and Fig. 3 
Computational Complexity Analysis
In this sub section, we evaluate the computational complexity of the proposed LR-LGP algorithm and the LC-RBD-LR-ZF algorithm in [12] . 
Simulation results
In this section, we evaluate and compare not only the BER performance but also the computational complexity of the LR-LGP precoder with those of the LC-RBD-LR-ZF precoder in [12] . The channel between the BS and all users are assumed to be semi-static Rayleigh fading. is significantly lower than the LC-RBD-LR-ZF algorithm, as confirmed by the simulation results in Fig. 7 . 
Conclusions
In this paper, we propose the transmit antenna group selection technique for Massive MIMO system. The algorithm is performed on the basis of analyzing the channel capacity. Antenna groups that contribute the most to the total channel capacity will be selected.
To trade the computational complexity off against the system performance, from the selected antennas, the system performance significantly improves when applying the transmit selection technique. Simulation results also show that the system performance inversely proportional to δ. Furthermore, the LR-LGP precoder has remarkably lower complexity than the LC-RBD-LR-ZF, whereas its BER performance approaches that of the LC-RBD-LR-ZF precoder when L increases.
As a consequence, the LR-LGP can be a potential candidate for signal beamforming at the BS of Massive MIMO systems.
